SUMMARY
Percutaneous tracheostomy is now commonly performed in intensive care units since the initial description of the technique in 1985 1 . Complications are usually minor but significant morbidity and mortality can occur. We report a death following the development of a tracheo-innominate fistula after a percutaneous tracheostomy. This rare complication is reviewed and discussed.
CASE HISTORY
A 68-year-old man was admitted with chest pain typical of angina. He was initially diagnosed as having myocardial ischaemia but was also noted to be weak in both arms and legs. An additional diagnosis of Guillain-Barré syndrome was made and confirmed by subsequent history and investigation. His past medical history included ischaemic heart disease and hypertension for which he was taking metoprolol, perindopril, aspirin and simvastatin.
Following admission to Coronary Care, he was transferred to the Intensive Care Unit for management of his Guillain-Barré syndrome. Myocardial infarction was excluded on ECG and enzyme criteria. Oral endotracheal intubation and ventilation was necessary five days after admission because of deterioration in respiratory function. An intensive care specialist, experienced in the technique, then performed percutaneous tracheostomy guided fibreoptically by an assistant. Entry into the trachea was thought to be between the third and fourth tracheal rings and a standard 9 mm Portex cuffed tracheostomy tube was inserted (Portex Boots Healthcare, Sydney, N.S.W.). The patient remained sedated and ventilated but 10 hours later developed high airway pressures and subcutaneous emphysema over the upper chest. Fibreoptic inspection through the tracheostomy tube confirmed tube dislodgement and a chest X-ray demonstrated small bilateral pneumothoraces which required intercostal drains. Following re-intubation with an oral tube he was taken back to theatre for a surgical tracheostomy by the ENT team. A long 8 mm Portex tracheostomy tube was placed through a window at the same tracheal entry site as the percutaneous tracheostomy. This entry point was estimated by the ENT surgeon to be between the fourth and fifth tracheal rings. The patient remained in the ICU, in an agitated state, and was eventually weaned onto CPAP via his tracheostomy tube. Intermittent severe hypertension was treated with infusions of glyceryl trinitrate and sodium nitroprusside.
On day 8, three days after the percutaneous tracheostomy, sudden severe bleeding developed from the tracheostomy tube requiring his resuscitation with 10 units of blood, six units of platelets and four units of fresh frozen plasma. Digital pressure in the wound was necessary to control the bleeding while the patient was taken back to theatre urgently. The cardiothoracic surgeons performed a mid-line sternotomy and confirmed the development of a tracheo-innominate fistula. The supero-posterior defect in the innominate artery was repaired by direct closure and he was transferred back to ICU. To facilitate weaning a nasotracheal tube was inserted.
On day 12 the patient again had a large haemorrhage associated with a short period of asystole requiring CPR and adrenaline. The nasotracheal tube was replaced with an oral tube with the tip at the carina. After further transfusion and resuscitation he was taken to theatre, but as the bleeding had stopped, it was decided to perform angiography instead. Angiograms of the aortic arch and major vessels demonstrated a small filling defect in the innominate artery with a normal cerebral circulation and no active bleeding. He was taken back to intensive care in a stable condition but within one hour again developed bleeding from the oral endotracheal tube.
Digital pressure by an ENT consultant was applied and the patient returned to the operating theatre. Anaesthesia was maintained with a propofol infusion and fentanyl and a 41 French left-sided Mallinckrodt double-lumen tube was inserted with no complications. Initially the patient was severely hypertensive requiring sodium nitroprusside. When the chest was opened it became impossible to ventilate the right lung because of the large air leak from the defect in the trachea. The left lung was therefore selectively ventilated with acceptable gas exchange. Two minutes after the surgeons clamped the innominate artery proximally to control the bleeding, the systolic pressure dropped to 50 mmHg and a slow ventricular rhythm developed. All infusions were stopped and three boluses of 100 µg of adrenaline were administered. The clamp from the innominate artery was removed and the systolic blood pressure recovered to 180 mmHg. Severe haemorrhage now developed from the innominate artery and flooded both lungs despite the left endobronchial balloon being inflated. Despite vigorous suctioning down the left and right lung it became impossible to ventilate either lung and hypoxia soon developed. The patient had a cardiac arrest shortly after.
Post mortem examination revealed evidence of previous ischaemic heart disease and generalized arteriosclerosis. In particular the innominate artery and the aortic root were dilated and diseased. The innominate artery was up to 15 mm in diameter and there was a sutured defect in the postero-superior margin of the vessel. The tracheostomy site commenced 70 mm below the vocal cords and measured 35 by 15 mm in the anterior trachea (Figure 1 ). It extended from the fifth to eighth tracheal rings. There was a cast-like bloodclot formation involving the bronchi and extending distally particularly into the lower lobes. The rest of the macroscopic examination was unremarkable.
DISCUSSION
Tracheo-innominate fistula is an uncommon but frequently fatal complication of tracheostomy. We believe this is the first time this complication has been described following an initial percutaneous technique. The relative contribution of the percutaneous versus the surgical tracheostomy in development of the fistula is not clear, but as the latter was inserted into the trachea at the same low level the fistula may have been inevitable. The 35 mm defect in the trachea at post mortem may have been caused by the initial tracheostomy entry near the eighth ring and subsequent tearing of the trachea more proximally. The overall incidence of significant bleeding following tracheostomy is estimated at 3% and 10% of these are due to tracheo-innominate fistula, giving an overall incidence of 0.3% 2 . These figures are derived from several large series of tracheostomies reported many years ago. Hence, the more recent practice of using high-volume low-pressure cuffs, with routine monitoring of cuff pressures, has probably reduced the incidence. High cuff pressures are more likely to cause tracheal mucosal ischaemia and necrosis.
Tracheo-innominate fistula has been reported as early as 30 hours after tracheostomy and up to several months after with a peak incidence between the first and second week 3, 4 . Pathogenesis is presumed to be pressure necrosis from the elbow, cuff or tip of a tracheostomy tube.
The innominate artery crosses the trachea at the ninth ring anteriorly, but there is a wide range (6th-13th ring) 5 ( Figure 2 ). Very rarely a fistula may develop between the common carotid or thyroid arteries and the trachea. Approximately 50% of all patients with tracheo-innominate fistula present with a massive haemorrhage while the other half may have a small "herald" bleed. A diagnosis of tracheoinnominate fistula should be considered for any bleeding that occurs from a tracheostomy site more than 48 hours after the procedure.
The recommended site for tracheostomy is between the first and third tracheal rings but these may be difficult to identify in patients with short wide necks. Tracheostomy inadvertently performed at a low tracheal level is more likely to cause a fistula as the elbow of the tube is in close proximity to the artery (Figure 3) . In correctly positioned tracheostomies it is the cuff and tip of the tube that may, uncommonly, lead to fistula formation. Headinjured patients are more at risk due to continual movement from cerebral irritation. Our patient was particularly at risk because of his irritability, severe hypertension and the presence of an abnormal dilated innominate artery.
The mortality rate from established tracheoinnominate fistula is very high and management involves resuscitation and urgent surgical intervention. Rigid or flexible bronchoscopy should be considered in all cases of bleeding more than a few days after tracheostomy. Angiography is rarely useful but may demonstrate a filling defect in the innominate artery, as in our case, or reveal aberrant anatomy that may help in surgical planning. The immediate management of massive bleeding can be dealt with by over-inflation of the tracheal cuff 4 , or if this fails, insertion of a finger into the tracheostomy wound and compression of the artery anteriorly against the back of the sternum 6 . Surgical management usually involves a median sternotomy and resection, or ligation of the innominate artery. Simple repair, as in our case, is usually not curative. Neurological deficit following interruption of flow through the innominate is rare. However, in our case, clamping of the innominate artery very quickly led to cardiovascular collapse, possibly secondary to cerebral ischaemia.
Prevention of this devastating complication begins with consideration of the necessity for tracheostomy and insertion at the correct level. A recent metaanalysis concluded that perioperative death was more likely with the percutaneous approach to tracheostomy (0.44% versus 0.03% for the surgical method) 7 ; however tracheo-innominate fistula was not specifically reported during analysis of the two groups. The increased mortality may represent bias because of the learning curve for a new technique, or sicker intensive care patients being over-represented in the percutaneous group. Whether tracheo-innominate fistula is more likely with a percutaneous approach because of the increased difficulty in identifying the tracheal rings is uncertain, but seems unlikely because of the lack of case reports of this complication.
In conclusion, tracheo-innominate fistula is a rare but frequently fatal complication of tracheostomy that may be avoided by insertion at the correct level, meticulous care of the tracheostomy tube and cuff and a low threshold of suspicion if bleeding develops.
